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Insulin like growth factor-I
Insulin-like growth factor binding protein-3
Tumor markera b s t r a c t
Background: Colorectal cancer is one of the most frequently seen cancers worldwide. Currently, CEA is
the most commonly used tumor marker in colorectal cancer. The changes in IGF/IGFBP equilibrium is also
known to cause carcinogenesis. In this study, we aimed to monitor IGF-I/IGFBP-3 levels, the changes in
IGF-I/IGFBP-3 ratio and correlations of these peptides with the common tumor marker CEA.
Materials and methods: 55 colorectal cancer patients and 35 control group patients were included in this
study. Serum CEA, IGF-I and IGFBP-3 levels of all specimens were measured with chemiluminescence
method.
Results: In colorectal cancer patients, IGF-I levels was found to be increased, IGFBP-3 levels decreased and
IGF-I/IGFBP-3 ratio was increased; when compared to control group (p < 0.05). A moderately significant
correlation was found between the conventional tumor marker CEA and IGF-I and IGF-BP3 (p = 0.001,
r = 0.533 and p = 0.001, r = 0.573 respectively).
Conclusions: IGF-I/IGFBP-3 ratio seems to be increased in the colorectal cancer patients. When considered
with the moderate correlation levels of these peptides with CEA, this increase in IGF-I/IGF-BP3 ratio may
be useful in monitoring carcinogenesis in colorectal cancer patients among with CEA but more detailed
and extensive studies in larger study groups needed to be carried out.
 2017 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The frequency of colorectal cancer in developed countries
increased dramatically in recent years. Colorectal cancer is the sec-
ond most common cancer in females and the third most common
cancer in males worldwide. It is more common in developed coun-
tries with North America, Europe, and Australia having the highest
incidence rates.1,2 Different laboratory techniques are used in the
diagnosis, treatment and follow up of colorectal cancer. Currently,
carcinoembryonic antigen (CEA) is the most widespreadly used
tumor marker. CEA is one of the most common oncofetal proteins
to be used as a tumor marker as it functions as a homotypic inter-
cellular adhesion molecule that promotes the aggregation of
human colorectal carcinoma cells.3 Clinical applications of CEA
includes many different categories like diagnosis (distinctionbetween benign and malignant tumors), treatment monitoring
(therapeutic effect, tumor recurrence), special pathological tech-
niques (immunohistochemistry, immunocytochemistry), localiza-
tion (tumor monitoring with radiolabelled antibodies) and
therapy (antibody-bound cytotoxic agents and vaccine vectors car-
rying the CEA gene).4–6
IGF-I is a 7.5 kDa, 70 aminoacid single chain polypeptide includ-
ing three disulfide bonds. IGF-I mediates the growth stimulating
effects of growth hormone (GH).7,8 Studies conducted in the last
two decades revealed that IGF-I is included in tumorigenesis pro-
cess of various cancer types. The levels of IGF-I, IGF-II and IGF-IR
are found to be elevated in malignancies like glioblastoma, neurob-
lastoma, meningioma and GIS, colorectal, pancreas and ovarian
cancers.9–12
IGFBP-3 is found as a 150 kDa triple complex in circulation.13 It
serves as a depot by binding more than 90% of serum IGF-I.14 This
binding protein not only controls the level of free IGF-I, but it also
blocks the effects of IGF-I and increases the half-life of IGF-I.
Besides it’s effects on IGF-I; IGFBP-3 plays important roles in cell
survival, growth and differentiation in IGF-I independent man-
ners.15 Recent epidemiological studies have shown that low serum
Table 1
The sex distribution, mean ages, CEA,IGF-I,IGFBP-3 levels and IGF-I/IGFBP-3 ratios of
the study groups.
Patient Control P
(n = 55) (n = 35)
Age 59.4 ± 12.06 55.1 ± 10.05 0.085
Gender (%) (F/M) 36.4/63.6 40/60 0.945
CEA (ng/mL) 28.1 (10.7–144.2)a 1.1 ± 0.4 0.000*
IGF-I (ng/L) 84.1 (47.1–136)a 26 (22–38)a 0.000*
IGFBP3 (ng/ml) 1.56 (1.24–2.27)a 3.0 ± 0.84 0.001*
IGF-I/IGFBP3 58.0 ± 23.5 11.1 ± 4.34 0.001*
a Continuous variables that did not show normal distribution.
* Statistically significant.
Fig. 1. Distribution of serum IGF-I levels in patient and control groups: Box-
Whisker graph.
Fig. 2. Distribution of serum IGFBP-3 levels in patient and control groups: Box-
Whisker graph.
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orectal cancers.16
Recent studies have shown that IGF/IGFBP ratio is a better pre-
dictor of disease progression.17 IGF/IGFBP ratio alterations have
proven to cause carcinogenesis in different levels and models.18
There are also correlation studies about using IGF-I/IGFBP-3 ratio
in various cancer types among with commonly used tumor
markers.19
In this study, we aimed to detect IGF-I and IGFBP-3 levels and
IGF-I/IGFBP-3 ratio changes in colorectal cancer patients. Another
goal of the study is to determine the correlation of these peptides
with CEA; the common tumor marker in colorectal cancer.
2. Materials and methods
Patient group was consisted of 55 newly diagnosed colorectal
cancer patients who did not recieve any anti-cancer therapy or
undergone cancer surgery, and who did not have any other malig-
nancies, hypertension, diabetes mellitus, coronary artery disease,
central or peripheric nervous system problems, liver disease, kid-
ney failure or any other chronical illnesses and who had serum
CEA levels above the reference limits and had no any other exclu-
sion criteria. Control group was consisted of 35 healthy people
with no signs of any acute or chronic diseases mentioned above
and no signs of any malignancy; and who had CEA levels within
the reference limits. Patient and control group subjects were all
admitted to General Surgery Clinics at Ankara Numune Training
and Research Hospital between August-October 2010. Blood sam-
ples were collected and allowed to coagulate for 30 min at room
temperature and centrifuged at 1500g for 10 min. The extracted
sera were aliquoted into eppendorf tubes and kept at 80 C until
the time of analysis.
Serum CEA level detection of all specimens were made with
chemiluminescence method in Beckman Coulter UniCel DxI 800
Immunoassay System analyzers. Serum IGF-I and IGFBP-3 levels
were detected with chemiluminescence immunometrical method
in Siemens Immulite 1000 analyzer. The reference values for the
related tumor marker CEA was accepted as 0–3 ng/mL (inter and
intra-assay CV values of 6.3% and 5.8 respectively). The reference
values for IGF-I was 78–222 ng/L (inter and intra-assay CV values
of 7.4% and 4.5% respectively) and for IGF-BP3 was 3.4–6.9 ng/mL
(inter and intra-assay CV values of 6.8% and 3.1% respectively).
3. Statistical analysis
Data analysis was made with SPSS for Windows 11.5 pro-
gramme. The distribution patterns of continuous variables were
checked with Kolmogorov-Smirnov test. Descriptive statistics of
normally distributed continuous variables are illustrated as
mean ± standard deviation. Descriptive statistics of non-normally
distributed continuous variables are illustrated as median
(interquartile range) values. Among group differences of normally
distributed variables were analyzed with Student’s t test while
non-normally distributed variables were analyzed with Mann
Whitney U test. Correlation analysis between CEA/IGF-I and CEA/
IGF-BP3 pairs was made with Spearman’s rho test and p < 0.05
was accepted as statistically significant.
4. Results
Age, sex, serum CEA, IGF-I and IGFBP-3 levels of patient and
control groups are listed in Table 1.
IGF-I levels of control and patient groups are shown in Fig. 1, in
a Box-Whiskar plot. There is a statistically significant (p < 0.05) dif-
ference between patient and control groups.There is a statistically significant (p < 0.05) difference between
the IGFBP-3 levels of the patient and control groups. IGFBP-3 levels
of control and patient groups are shown in a Box-Whiskar plot in
Fig. 2.
IGF-I/IGFBP-3 ratios of patient and control groups are shown in
a Box-Whiskar plot in Fig. 3. There is a statistically significant
(p < 0.05) difference between IGF-I/IGFBP-3 ratios of the patient
and control groups.
For the correlation analysis, 5 samples with CEA levels above
1000 ng/mL were excluded as those values were exceeding analyt-
ical detection range.
Fig. 3. Distribution of serum IGFI_IGFBP3 ratios in patient and control groups: Box-
Whisker graph.
Fig. 5. Lineer regression graphic between CEA and IGFBP-3.
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found between CEA and IGF-I levels (r = 0.533, p = 0.001). Fig. 4
shows the linear regression graphic between CEA and IGF-I levels.
A statistically significant moderately negative correlation is
found between CEA and IGFBP-3 levels (r = 0.573, p = 0.001).
Fig. 5 shows the linear regression graphic between CEA and
IGFBP-3 levels.5. Discussion
Colorectal cancer is one of the most common cancers seen in
developed countries and it is one of the most widespreadly diag-
nosed and mortal type of cancer in both gender among cancer
cases. Various tumor markers have been suggested and examined
for the diagnosis and monitoring of colorectal cancer in recent
years. Among these markers, CEA is the most commonly accepted
parameter.20,21
The principle use of CEA in colorectal cancer is the survival
follow-up after the curative resection of the primary tumor. Like
any other marker; low level of sensitivity and specificity of CEA
limits usage in clinical practice in early onset colorectal cancer.
But especially in the post-op period, early onset metastasis canFig. 4. Lineer regression graphic between CEA and IGF-I.be detected with serial CEA measurements.22 Also it is reported
that the risk of early relapse is more likely to occur with increasing
serum CEA level.23 Besides this, the detection of pre-operative CEA
levels after diagnosis will provide a baseline value for the serial
CEA measurements during treatment and also give prognostic
information.24 CEA levels usually drop back to normal values after
2–4 weeks following curative resection. In our study, there is a sta-
tistically significant difference between serum CEA levels of patient
and control groups (p < 0.05).
Nowadays, there is increased evidence about the relationship of
IGF-I and cancer because it has been shown that there is a strong
relationship between growth factors and oncogenes. Several stud-
ies have been focused on the increased levels of IGF-I in breast,
prostate, esophagus, lung and liver cancer patients to show that
this is also a factor triggering carcinogenesis.25–28 Krajcik et al.
declared that IGF-I increase induces breast cancer in pre-
menopausal women but not in postmenopausal ones and
explained this with a reduction in IGF-I levels with age.26 It is a real
fact that IGF-I levels drop with age. Therefore the reference values
should be divided into periods of 10 years when it comes to IGF-I.
In our study, no statistically significant difference was present
between the mean ages of patient and control groups (p = 0.085).
That’s why there was no need to classify the IGF-I levels according
to reference groups defined by age. The patient and control groups
were in the same age interval and there was a statistically signifi-
cant difference between IGF-I levels of the two groups (p < 0.05).
It is known that only less than 1% of IGF-I is found free in circu-
lation. The majority of IGF-I is bound and carried with IGFBPs.
More than 90% of this bound portion is known to be attached to
the carrier protein IGFBP-3.27,29 Oh et al. worked with estrogen-
receptor-negative breast cancer cells and showed that IGFBP-3
binds to cell surface receptors in a dose dependent manner.30 Sim-
ilarly, IGFBP-3 associated proteins detected to be membrane-
bound in prostate cancer cells.31
IGF levels are known to be increased in carcinogenesis. This
increase in IGF-I is caused by an increase in it’s free form. As the
level of IGFBPs decrease, free IGF-I levels increase and it stimulates
it’s receptor by binding to it. Macdonald et al. transfected Caco-2
human colon cancer cells with IGFBP-3 cDNA and observed that
cell density and cleavage decreased after a 10–15 days period.32
IGFBP-3 levels were also analyzed in different types of cancer. In
their study Krajcik et al. showed that IGFBP-3 levels dropped in
women with breast cancer especially in the postmenopausal
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been shown that lower IGFBP-3 level is a significant risk factor
for endometrium CA.33 Prostate cancer and benign prostate hyper-
plasia are also a group of diseases in which levels of IGF-I and
IGFBP-3 are evaluated frequently.17,34 In our study, it was shown
that IGFBP-3 levels of the patient group are significantly lower than
the IGFBP-3 levels of the control group. These results support the
fact that IGFBP-3 level drops by different mechanisms in various
carcinomas and leads to increased risk of cancer either dependent
or independent of IGF; as mentioned above.
Like all other types, IGFBP-3 levels found to be dropped in col-
orectal cancer patients in different studies. Ma et al. in their study
with male colorectal cancer patients have revealed that high IGF-I
and low IGFBP-3 levels are important factors that increase the risk
of cancer.27 In many studies parallel to this; both the genetic
expression and the biological and physiological aspects of IGFBP-
3 was analyzed and lower levels of this peptide have shown to
be an independent risk factor for colorectal carcinoma.35,36
In our study, we also found that IGFBP-3 levels differ in a statis-
tically significant manner between patient and control group sub-
jects (p < 0.05).
In recent years, there is an attempt to evaluate IGF-I/IGFBP-3
ratio in studies instead of evaluating IGF-I and IGFBP-3 levels
seperately. A decrease in level of IGFBP-3 for any reason causes
IGF-I to be more bioavailable to tissues. And this leads to hyperac-
tivation of the IGF-I receptor to promote cell growth and carcino-
genesis. In many studies designed principally based on these
data, cases of prostate, breast, endometrium and colon cancer have
been evaluated and IGF-I/IGFBP-3 ratio found to be increased in all
of them.17,26,27,33
Ma et al. declared that high IGF-I and low IGFBP-3 levels are
independent risk factors for colorectal cancer development but
they also associated the increase in IGF-I/IGFBP-3 ratio in combina-
tion with an increased risk of cancer.33 Amenable with these
results; our study revealed that not only IGF-I and IGFBP-3 levels
are significantly different in control and patient groups, but also
IGF-I/IGFBP-3 ratio is significantly higher in patient group when
compared to control group. Results are statistically significant
(p < 0.05).
In some studies evaluating the relationship of IGF-I and IGFBP-3
with different cancer types; correlation analysis of these peptides
with the conventionally used tumor markers in routine cancer
follow-up and therapy monitoring have been made. Khosravi
et al. carried out correlation analysis of IGF-I and IGFBP-3 levels
with free PSA in prostate cancer patients. This study put out posi-
tive and negative correlations between IGF-I, IGFBP-3 and free PSA
levels respectively. From this point, they hypothesized that IGF-I
and IGFBP-3 levels can be used together with free PSA in prostate
cancer follow-up.33
Yılmaz et al. carried out correlation analysis between IGF-I and
IGFBP-3 levels with the tumor markers CEA and CA 19-9 separately
and suggested that serum IGF-I and IGFBP-3 levels may be used as
tumor markers in oesophageal carcinoma.25
Especially in recent years, the IGF pathway and it’s relation with
carcinogenesis have been evaluated from the genetic perspective.
In a meta-analysis, IGF1(CA)19 and IGFBP-3-202A/C gene polymor-
phisms were shown to be associated with common cancer risk
including colorectal, breast, prostate, and lung cancer.37 Liu et al.
evaluated the role of mRNA expression of IGF-1 and IGF-1R in
patients with colorectal adenocarcinoma and concluded that
mRNA levels of IGF-I and IGF-IR were significantly higher in CA
patients.38 Besides this, Stanilov et al. focused mainly on genetic
polymorphisms in IGF-IR in colorectal cancer development and
showed that a relationship between the +3179G > A polymorphism
of the IGF-1R and serum IGF-1 with the progression of
colorectalcarcinoma.39Parallel to our work, the study of Jiang et al. investigated the
possible roles of insulin, IGF-1 and IGFBPs in initiation and progres-
sion of colorectal cancer but they concluded that these factors have
an influence on cancer initiation but they are not related to pro-
gression and outcome of the disease.40
In this study we made correlation analysis between
IGF-I and IGFBP-3 levels and CEA respectively. Paralel to Khosravi
et al’s results, we found positive correlation between CEA and
IGF-I levels and negative correlation between CEA and IGFBP-3
levels.
As a result, this study revealed that there is an increase in
IGF-I levels, a decrease in IGFBP-3 levels and an increase in
IGF-I/IGFBP-3 ratio which is accepted as free IGF-I expression
in colorectal cancer patients. A moderately significant correlation
is detected between IGF-I, IGFBP-3 and CEA which is the most
commonly used tumor marker in colorectal cancer treatment and
monitoring. When these findings are combined with the results
of the previous studies, we suggest that the serum IGF-I and
IGFBP-3 levels may be used as tumor markers in colorectal carci-
noma among with CEA. But to be used in clinical practice, these
data need to be supported with wider and more extensive studies.
Ethical considerations
The study has been approved by the Ethic Committee of the
hospital at 10.02.2011 with the approval number 218-2011
Acknowledgements
We are grateful to the many colleagues and patients in our
institution who contributed to this study. The study is supported
by Ankara Numune Training and Research Hospital.
References
1. Deitrick J, Pruitt WM. Wnt/b catenin-mediated signaling commonly altered in
colorectal cancer. Prog Mol Biol Transl Sci. 2016;144. 49-6.
2. Boyle P, Langman JS. ABC of colorectal cancer: epidemiology. BMJ. 2000;321
(7264):805–808.
3. Bendardaf R, Lamlum H, Pyrhönen S. Prognostic and predictive molecular
markers in colorectal carcinoma. Anticancer Res. 2004;24(4):2519–2530.
4. Proceedings of the First International Conference on the Clinical Uses of
Carcinoembryonic Antigen. Cancer 1973; 42(3 Suppl): 1397–1659.
5. Goldenberg DM, Neville AM, Carter AC. CEA, (carcinoembryonic antigen): its
role as a marker in the management of cancer. J Cancer Res Clin Oncol. 1981;101
(3):239–242.
6. Turriziani M, Fantini M, Benvenuto M, et al.. Carcinoembryonic antigen (CEA)-
based cancer vaccines: recent patents and antitumor effects from experimental
models to clinical trials. Recent Pat Anticancer Drug Discov. 2012;7(3):265–296.
7. Humbel RE. Insulin-like growth factors I and II. Eur J Biochem.
1990;190:445–462.
8. LeRoith D, Bondy C, Yakar S, Liu JL, Butler A. The somatomedin hypothesis.
Endocr Rev. 2001;22:53–74.
9. Wrobel G, Roerig P, Kokocinski F, et al.. Microarray-based gene
expression profiling of benign, atypical and anaplastic meningiomas identifies
novel genes associated with meningioma progression. Int J Cancer.
2005;114:249–256.
10. Hartmann W, Koch A, Brune H, et al.. Insulin-like growth factor II is involved in
the proliferation control of medulloblastoma and its cerebellar precursor cells.
Am J Pathol. 2005;166:1153–1162.
11. Perks CM, Holly JM. The insulin-like growth factor (IGF) family and breast
cancer. Breast Dis. 2003;18:45–60.
12. Perks CM, Holly JM. IGFBPs and breast cancer. Breast Dis. 2003;17:91–104.
13. Rajaram S, Baylink DJ, Mohan S. Insulin-like growth factor-binding proteins in
serum and other biological fluids: regulation and functions. Endocr Rev.
1997;18:801–831.
14. Devi GR, Yang DH, Rosenfeld RG, Oh Y. Differential effects of insulin-like growth
factor (IGF)-binding protein-3 and its proteolytic fragments on ligand binding,
cell surface association, and IGF-1 receptor signalling. Endocrinol. 2000;141
(141):4171–4179.
15. Ricort JM. Insulin-like growth factor binding protein (IGFBP) signalling. Growth
Horm IGF Res. 2004;14:277–286.
16. Rosenzweig SA. What’s new in the IGF-binding proteins? Growth Horm IGF Res.
2004;14:329–336.
Ç.Y Yücel et al. / Alexandria Journal of Medicine 54 (2018) 11–15 1517. Chokkalingam Anand P, Pollak Michael, Fillmore Capri-Mara, et al.. Insulin-like
growth factors and prostate cancer: a population-based case-control study in
China. Cancer Epidemiol, Biomarkers Prevention. 2001;10:421–427.
18. Grimberg A, Cohen P. Role of insulin-like growth factors and their
binding proteins in growth control and carcinogenesis. J Cellular Physiol.
2000;183:1–9.
19. Yılmaz E. Obez ve obez olmayan kadınlarda kardiyovasküler risk faktörleri ile
insülin benzeri büyüme faktörü-1 ve insülin benzeri büyüme faktörü bağlayıcı
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25. Yılmaz O, Eroğlu A, Dağ E, Karaoglanoglu N. Serum levels of IGF-I and IGFBP-III
and their relation with carcinoembryonic antigen and carbohydrate
antigen 19–9 in cases of esophageal cancer. Int J Clin Pract. 2006;60
(12):1604–1608.
26. Krajcik Rozlyn A, Borofsky Nancy D, Massardo Stephen, Orentreich Norman.
Insulin-like growth factor I (IGF-I), IGF-binding proteins, and breast cancer.
Cancer Epidemiol, Biomarkers Prevention. 2002;11(11):1566–1573.
27. Ma Jing, Pollak Michael N, Giovannucci Edward, et al.. Prospective study of
colorectal cancer risk in men and plasma levels of insulin-like growth factor
(IGF)-I and IGF-binding protein-3. J Natl Cancer Inst. 1999;91(7).
28. Troisi RJ, Freedman AN, Devesa SS. Incidence of colorectal carcinoma in the U.
S.: an update of trends by gender, race, age, subsite, and stage, 1975–1994.
Cancer. 1999;85:1670–1676.
29. Baxter RC. Insulin-like growth factor binding proteins in the human circulation,
a review. Horm Res. 1994;42:140–144.30. Oh Y, Müller HL, Pham H, Rosenfeld RG. Demonstration of receptors for insulin-
like growth factor binding protein-3 on Hs578T human breast cancer cells. J
Biol Chem. 1993;268:26045–26048.
31. Rajah R, Valentis B, Cohen P. Insulin-like growth factor (IGF)-binding protein-3
induces apoptosis and mediates the effects of transforming growth factor-b1
on programmed cell death via a p53 – and IGF-independent mechanism. J Biol
Chem. 1997;272:12181–12188.
32. MacDonald RG, Schaffer BS, Kang IJ, Hong SM, Kim EJ, Park JH. Growth
inhibition and differentiation of the human colon carcinoma cell line, Caco-2,
by constitutive expression of insulin like growth factor binding protein-3. J
Gastroenterol Hepatol. 1999;14:72–78.
33. Lacey Jr James V, Potischman Nancy, Madigan M Patricia, et al.. Insulin-like
growth factors, insulin-like growth factor-binding proteins, and endometrial
cancer in postmenopausal women: results from a U.S. Case-control study.
Cancer Epidemiol Biomarkers Prev. 2004;13(4).
34. Khosravi J, Diamandi A, Mistry J, Scorilas A. Insulin-like growth factor I (IGF-I)
and IGF-binding protein-3 in benign prostatic hyperplasia and prostate cancer.
J Clin Endocrinol Metab. 2001;286(2):694–699.
35. Culouscou JM, Remacle-Bonnet M, Garrouste F, Fantini J, Marvaldi J, Pommier
G. Production of insulin-like-growth factor II (IGF-II) and different forms of IGF-
binding proteins by HT-29 human colon cancer carcinoma cell line. J Cell
Physiol. 1990;143:405–415.
36. Pommier G, Garrouste F, el Atiq F, Marvaldi J, Remacle-Bonnet M. Potential role
of IGFBPS in the regulation of the differentiation state of human colonic
carcinoma cells. Growth Regul. 1993;3(1):80–82.
37. Quan H, Tang H, Fang L, Bi J, Liu Y, Li H. IGF1(CA)19 and IGFBP-3-202A/C gene
polymorphism and cancer risk: a meta-analysis. Cell Biochem Biophys. 2014;69
(1):169–178.
38. Liu R, Hu LL, Sun A, et al.. MRNA expression of IGF-1 and IGF-1R in patients with
colorectal adenocarcinoma and type 2 diabetes. Arch Med Res. 2014;45
(4):318–324.
39. Stanilov NS, Karakolev IA, Deliysky TS, Jovchev JP, Stanilova SA. Association of
insulin-like growth factor-I receptor polymorphism with colorectal cancer
development. Mol Biol Rep. 2014;41(2):8099–8106.
40. Jiang B, Zhang X, Du LL, et al.. Possible roles of insulin, IGF-1 and IGFBPs in
initiation and progression of colorectal cancer. World J Gastroenterol. 2014;20
(6):1608–1613.
